Part I of the short survey covers definitions of air humidity and the respective measuring methods such as hygrometry, psychrometry, dew point measurement, LIDAR hygrometry and humidity sensors. Techniques based on property changes of matter with adsorbed moisture from air are reviewed. 
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Humidity
The following concerns the water content of the air and of process gases. Air humidity is the amount of water vapour in the air, disregarding the possible presence of liquid or solid aggregates like raindrops, fog, snow or hailstones. The parameter, air humidity, is governed only by the availability of water and the thermal energy available for evaporation, which is a function of temperature. Air humidity can be expressed in several ways [7] :
• Absolute humidity AH air is defined as the amount of water vapour m w present in unit mass m air or unit volume V air of dry air.
• Relative humidity RH air is the ratio of the amount of water vapour in the air m w at a specific temperature to the maximum amount that the air could hold at that temperature m w,max , usually expressed as a percentage.
Another definition is the ratio of the partial pressure of water vapour p in a gaseous mixture of air to the saturation vapour pressure p 0 at that temperature. The values differ slightly near the saturation point:
Relative humidity is the most frequently encountered measurement of humidity because it is regularly used in weather forecasts.
• Specific humidity SH air is the ratio of water vapour to air (dry air plus water vapour) in a particular volume of air. Specific humidity ratio is expressed as a ratio of kg of water vapour, 
• Associated with the relative humidity is the dew point. That is the temperature at which water vapour saturates from gas into liquid or solid usually forming rain, snow, frost or dew. At this temperature the relative humidity is 100%. From the dew point temperature the relative humidity can be derived by means of tables.
Air humidity measuring methods
The peculiar characteristic of the water molecule facilitates its identification and allows the application of very different methods to determine humidity. The methods are standardised in all industrial states [8] .
Water vapour is a primary contaminant in process gases at very low-levels of particular interest to the semiconductor industry. Therefore efforts are directed toward developing water vapour measurements and standards at the part per billion level and below for characterization of moisture concentration measuring instruments and standards normally used in industrial applications for contamination control in process gases. In Germany standards are compiled in a vademecum [9] . Calibration of instruments is made e.g. in the USA by PhysikalischTechnische Bundesanstalt -Deutscher Kalibrierdienst, in the UK by National Physical LaboratoryUnited Kingdom Accreditation Service [10] .
Hygrometry
The earliest hygrometers made in the 15 th century were balances loaded on one side with textile [11, 12] . Today the gravimetric method is applied as a primary standard for humidity measurements. The NIST gravimetric hygrometer has an uncertainty of 0.1% mass fraction. Furthermore, a suitable mass sensor is the quartz crystal balance the surface of which is covered by a hygroscopic film or by a microporous substance [13, 14] . Ultrathin Linde Type A (LTAtype) molecular sieves grown on a quartz crystal microbalance have high sensitivity, good reversibility and long life at low humidity ranges [15] .
The simplest and still widely used mechanical hygrometer is the hair hygrometer of Horace Bénédict de Saussure [16] (Fig. 3) . It measures the elongation of hair with increasing humidity due to swelling of the hair cells. Hairs from humans, sheep or horses are used; today also plastic strips or fibres are used. Whereas the mass adsorbed is somewhat proportional to relative air humidity the elongation of the hair or fibre (up to~2.5%) is not linear and the scale is spread in the middle of the measuring range.
More accurate measurements and electronic recording of results are achieved with a coulometric hygrometer. It measures the change in the electrical impedance or resistance of a thin layer of a hygroscopic material, e.g. lithium chloride or phosphorus pentoxide (Fig. 4) . Other hygrometers sense changes in electric capacity, volume, or the transparency of various substances that respond to relative humidity.
The measurement of the electrical resistance of hygroscopic thin films or of semiconductors can be used in hygrometry and likewise as sensors in head space analysis in order to determine material humidity. Typical substances include lithium chloride, stearic acid and zinc stearate [17] . The relation of conductivity to relative humidity in general is not linear and may be applied only within a restricted measuring range. High sensitivity humidity sensors based on single SnO 2 nanowires have linear response in conductivity to humid air [18] . Cells with manganese oxide-clay solid electrolytes have good linearity and fast response in galvanic potential to changes in humidity [19] .
Optical methods include the observation of colour transition of chemical compounds when reacting with water molecules. Such indicators are widely used to control the activity of drying agents and as breakthrough indicators [20] . Test methods of qualitative water indication include redden of blue cobalt(II)chloride [18, 21] . Usually blue cobalt-II-chloride is dispersed in silica gel. Sensors consist of such salts dispersed on different substrates such as cellulose, cellulose acetate, polyvinyl pyrollidon, wool, calcium sulphate, silica gel, zeolites and alumina. Wool impregnated with cobaltous chloride is blue in dry form and converts to yellow on moisture adsorption [22] . Humidity indicating gels, light blue in dry form and dark blue in moist form, were obtained by dispersing copper sulphate in silica gel. Yellow lead iodide is obtained from potassium lead iodide upon moisture adsorption. Such indicators are widely used to control the activity of drying agents like silica gel and as breakthrough indicators [23] . Polymer-dye systems changing colour with air humidity can also be used as humidity sensors. A high sensitivity optical humidity probe was developed by using Nafion-crystal violet films. Reversible change in absorbance of the films at 650 nm with relative humidity was linear in the zero to 1% range [24] . Dew point meter Observation of condensation at a surface in dependence of temperature.
Humidity sensors
Dielectric measurement Capacitive measurement with a condenser taking the advantage of the high dielectric constant of water.
Electric conductivity measurements Electrochemical measurement of conductivity.
Microwave and infrared spectroscopy Measurement of absorption of radiation.
Nuclear magnetic resonance spectroscopy
Measurement of resonance between a high-frequency electromagnetic field and 1 H nucleus of water of a sample, which is arranged into a strong homogeneous magnetic field.
Activation analysis
Measurement of absorption of fast neutrons or g-rays.
Moisture indicator Qualitative test observing colour change.
Psychrometry
In 1825 August constructed the first psychrometer (Fig. 5 ) on a proposal of Leslie [25, 26] . Richard Assmann added a ventilator, and this aspiration psychrometer [27] is regarded as a standard instrument for air humidity measurements. It consists of two thermometers, the bulb of one of it is kept wet usually by means of a humidified cotton envelope. Evaporation from the wet bulb lowers the temperature, so that the wet-bulb thermometer shows a lower temperature T wet than that of the dry-bulb thermometer T dry . Evaporation is supported by an air stream generated either by a ventilator or by whirling the thermometer in the air by hand. From the temperature difference, the partial pressure of water vapour in the air p H O 2 can be determined using Sprung's formula [28] :
where p 0 stands for the saturation pressure at the temperature of the wet bulb T wet and C is a constant C=0.67 hPa K -1 for height up to 500 m and T wet >0°C. By means of graphical tables the relative humidity can be derived.
Dew point hygrometry
In 1820, John Frederic Daniell invented a dew-point hygrometer, which came into widespread use. The Lambrecht dew-point hygrometer is a polished metal mirror that is cooled by evaporation of ether until moisture just begins to condense onto it, observed optically then (Fig. 6 ) and today by means of a photosensor. The temperature at the beginning of opaqueness of the metal is the dew point temperature. Knowing the atmospheric temperature and the dew-point temperature, the relative humidity can be determined by means of a table.
LIDAR hygrometry
LIDAR (light detection and ranging) is an optical remote sensing technology that measures properties of scattered light to find information of a distant target [29, 30] . By means of laser pulses and measuring the time delay between transmission of a pulse and detection of the reflected signal the distance to an object can be determined. Whereas radar uses radio waves, LIDAR uses much shorter wavelengths of the electromagnetic spectrum, typically in the ultraviolet, visible, or near infrared region. In general it is possible to image a feature or object only about the same size as the wavelength, or larger. Thus LIDAR is highly sensitive to aerosols and cloud particles. An object needs to produce a dielectric discontinuity in order to reflect the transmitted wave. Different types of scattering are used for different LIDAR applications, most common are Rayleigh scattering, Mie scattering and Raman scattering as well as fluorescence. The wavelengths are ideal for measurements of smoke and other airborne particles (aerosols), clouds, and air molecules. Since the deployment of the GPS (Global Positioning System) in the 1980s, precision positioning has become possible. Airborne LIDAR systems monitor glaciers and have the ability to detect subtle amounts or growth or decline. In atmospheric physics, LIDAR is used as a remote detection instrument to measure densities and movement of certain constituents of the middle and upper atmosphere, such as clouds. With Raman spectroscopy inelastic scattering is observed. Since the energy change in this case is quantified the spectrum is characteristic for the target molecule. Water molecules scatter predominantly green light: Nd:YAG laser light with a wavelength of 532 nm is reflected with 660 nm wavelength. This process is applied to determine the relation of a water vapour mixture in the atmosphere.
Conclusions
For the determination of atmospheric humidity the methods developed in the 18 th and 19 th centuries still RÜBNER et al. are predominant. Psychrometry is regarded as a standard method. Increasingly, the measurement is converted to an electrical signal allowing for transmission of results and control of processes. Efforts are directed toward developing water vapour measurements and standards at the part per billion level and below.
